ABSTRACT
INTRODUCTION
Biodiversity is a contraction of 'biological diversity'. It has been defined by many scientists, governmental and non governmental organizations usually as species richness, which is distributed unequally around the earth (Mittermeier et al. 1998; Myers et al. 2000; Barthlott and Winger 2001) . According to the Millennium Ecosystem Assessment report (2005) , the current extinction rates for mammals, birds and amphibians is up to one thousand times higher than the one witnessed in the fossil records. Hence, there is a need for long term documentation of diversity in natural environment. In the Indian subcontinent, approximately 1300 avian species are found which constitute about 13% of the world bird assembly (Grimmett et al. 1998 ). In the Western Himalayas, one of the Endemic Bird Areas (EBAs) (Birdlife International 2012) , some recent studies focus on avian diversity and describes the extensive biodiversity assessments (Singh 2000; Chettri et al. 2001; Laiolo 2002; Price et al. 2003; Sultana et al. 2007; Acharya et al. 2011) . At this point of time there are some published research works in the Pauri Garhwal district on avian community ecology with special reference to diversity, abundance, distribution and other ecological gradients Bhatt 2010, 2012) . However, there is hardly any report from the study area comparing the forest avian biodiversity with the suburban/rural landscapes. In the present study, an attempt is being made to find out the patterns and distributions of the bird communities in different forest sites and adjoining suburban areas of the Kotdwar and Laldhang forest ranges of the Lansdowne forest division (Pauri Garhwal, Uttarakhand, Western Himalaya, India).
MATERIALS AND METHODS

Study area
Lansdowne forest division is located on 29 can be divided into three distinct seasons viz., rainy season (July to October), winter (November to February), summer (March to June).
Field procedure
The biodiversity assessment was carried out in the three forest and adjacent suburban habitat types (Table 1) using Verner's (1985) variable line transect method. Altogether 288 visits (24 months × 6 transects × 2 habitats) were made in total of 24 transects for consecutive two years i.e. January 2011 to December 2012, covering all the seasons. All transects within forest and suburban habitats were of equal length (1Km. each). Observation of birds in each predefined transects/routes was made by walking once a month. In summer, bird counts were undertaken between 05:00 AM and 08:00 AM and 04:00 PM to 06:00 PM, while in winters, predefined transects were covered from 06:30 AM to 09:30 AM and 03:00 PM to 06:00 PM on fine days. Birds were not surveyed in extreme weather, like when wind or rain interfered with the audibility of bird calls, when fog or rain impaired visibility, partly cloudy sky or when cold weather limited bird activity. We maintained the same survey protocol in subsequent years. Bird field guide by Grimmett et al. (2001) and Ali (2002) were used for identification of birds. For nomenclature, we followed Inskipp et al. (1996) . We used the Gaston (1994) criteria to define the rarity, below 10 individuals observed per sighting was categorized as rare species of the study area. We also categorized each species as common (c), fairly common (f), uncommon (u) and rare (r) based on our sighting records.
Bird species diversity (BSD) and bird species richness (BSR) were measured using Shannon's index (H') and Margalef's index (R), respectively (MacArthur and MacArthur 1961; Magurran 2004) .To estimate evenness, we used evenness index (E) (Magurran 2004 ) between forest and suburban habitats. BioDiversity Pro software (McAleece et al. 1997) was to generate rarefaction curve in order to determine whether sampling efforts was adequate. The data was obtained as mean of transects at each site for each month and pooled for two consecutive years at each zone. Two way-ANOVA was also used to test for interseasonal differences in BSR, BSD values across study areas. To quantify the similarity among species composition at different sites, Sorensen's index (Magurran 2004 ) was used. Beta diversity (β = S/ά) where S is the total number of species recorded and ά is the average sample diversity; scale 0 (minimum β diversity) to 1 (maximum β diversity) (Whittaker 1960) value was obtained between habitats of each study area to know extent of variation between habitat types.
RESULTS AND DISCUSSION
Avian community structure
A total of 216 bird species belonging to 43 families were observed in suburban and forest habitats. 124 species (57%) were found exclusively in forest, 15 species (6%) were restricted to suburban habitat and 80 species (37%) were common to both habitat types. The details of abundance, resident status and threatened category according to International Union for the Conservation of Nature (IUCN) have been given in Table 2 . Three threatened species (IUCN 2012) having poor abundance such as River Lapwing {Vanellus duvaucelii (Near Threatened; 11 individual) found in study site A, Kanvashram forest near Malini river; Figure  1 .A.}, White Rumped Vulture {Gyps bengalensis (Critically Endangered; 8 individuals)}, Egyptian Vulture {(Neophron percnopterus (Endangered; 5 individual)} were found in the study area.
The analysis of Variance (ANOVA-Two way) revealed that forest bird community was found more diverse than adjoining suburbs in terms of BSD (3.86 vs 3.74; F = 1.895, df = 11, P< 0.05) and BSR (8.95 vs 8.59; F = 1.479, df = 11, P< 0.05) and more rare species (74 vs 15). Species rarefaction curves ( Figure 2 ) from different habitats also showed that forest habitats had a higher number of avian species than suburban habitats. In both the habitats, the BSD, BSR and BSE were maximum during summer (April to May) and minimum in late winter (December to January) seasons {(Forest: BSR range from 8.50±0.10 to 9.60±0.17; BSD: 3.75±0.14 to 4.02±0.26 and BSE: 0.080±0.13 to 0.094±0.01); for suburbanized areas: BSR ranges from 8.32±0.61 to 9.12±0.52; BSD:3.12±0.10 to 3.89±0.92; BSE: 0.080± 0.25 to 0.094±0.20)}.
The similarity index showed greater overlap/similarity (65.50%) between bird communities for forest and suburban at site B (Nadikatal, Nisni) and site A (Kanvashram, Bhimsinghpur) than between site C {Mungaon (village and forest)} and site A (31%) or between site C and site B (35%). A comparison of bird communities between forest and suburban habitats revealed low values of beta diversity in each study area (site C: 0.33, site B and site A: 0.70) indicating lesser similarity in species composition between habitat types. However, when bird communities were compared among study areas, a relatively high beta diversity values (0.76 for suburban and 0.70 for forest) were observed between site C and site A (showing greater species variation between these two study 
Discussion
This study noticeably suggests that bird species richness was significantly higher in natural than suburban habitat which is understandable because vegetation provides food as well as shelter to the birds (Palomino and Carrascal 2006) . Other workers also found higher species richness, diversity and dominance in the forest habitat as compared to urbanized habitat (Beissinger and Osborne 1982; Catterall et al. 2010; Shochat et al. 2010) . However, in the present study, species richness and diversity slightly differed in the forest and suburban landscapes, perhaps because of the presence of traditional agroforestry systems in the area. The result was in congruence to Scherr and McNeely (2008) who indicated that these agroforests supports good numbers of wild plants and animal species as in natural forests. Lawler (2001) reported that these traditional agro-ecosystems contribute to sustain the regional biodiversity of many invertebrate and vertebrate species. Similarly, Loss et al. (2009) concluded that the mere presence of small patches of landscapes in urban landscapes can increase the species richness in urban ecosystems. Presence of good numbers of the birds common in forest and suburban habitats suggest that many species that occur in the rural habitat can persist only in the nearby presence of the native forest. Similar observations have been made by earlier workers (Perfecto and Vandermeer 2002; Sekercioglu et al. 2007) .
Results also indicated that the species diversity and richness were found to be high in summer (April to May) to late monsoon (August to September). This fluctuation in the species diversity may be due to the summer migratory birds and more visibility of birds due to breeding season. According to Hurlbert and Haskell (2003) , the increase in diversity or abundance may also be due to high resource supply (Connell and Orias 1964; Wright 1983; Currie 1991) or increased temperature which may reduce thermoregulatory loads and allow organisms to allocate more energy to growth and reproduction (Turner et al. 1988; Lennon et al. 2000) and leads to higher equilibrium in avian community. However, in this study, there was no significant difference in BSR and BSD values between habitat types.
The family Accipitridae with two threatened species needs high conservation priorities in the study area. Animal carcasses which usually available near suburbs as food should be collected and tested for the presence of diclofenac drug which may be used for treatment of livestock on regular basis to provide safe zones for feeding and breeding. According to Thiollay (1994) raptors which are important as bioindicator of habitat quality and pollution, are also crucial for maintaining the dynamics and A B C D diversity of ecosystems by lowering numbers of dominant prey species, thereby allowing less common prey species to survive. The poor presence of River Lapwing (Near Threatened) may be due to high anthropogenic disturbance in and around rivers and small streams, through activities like mining of river beds for boulders and sand because of high demand for construction works like houses, industrial areas, dams etc. The over river bed mining/quarrying sometimes damage the river bank due to access ramps to river bed, causing eyesore, damage to the vegetation, soil erosion, and micro disturbance to ground water. Noise and vibrations because of the moving trucks and tractor trolleys, loading and unloading from collection areas creates disturbances that affects the normal migratory routes of birds or may even cause them to stay in human habitats, thus causing increase in human-wildlife conflicts.
CONCLUSION AND RECOMMENDATIONS
This report indicates the current status of avian community composition (abundance, richness and diversity) in the study area. The biodiversity assessment of the area will help wildlife managers and other stakeholders to tailor conservation policies in the area as there is great threat to avian biodiversity of these lower Shivalik foothills, which are more prone to anthropogenic disturbances. The traditional agroforestry practices in Garhwal hills should be encouraged, as diversification in plant species contributes to species richness and sustains the regional biodiversity of avian and other species.
